The combination of a Western-diet and aortic banding results in a cardiometabolic heart failure phenotype in Ossabaw swine.
SUMMARY
The development of new treatments for heart failure lack animal models that encompass the increasingly heterogeneous disease profile of this patient population. This report provides evidence supporting the hypothesis that Western DietÀfed, aortic-banded Ossabaw swine display an integrated physiological, morphological, and genetic phenotype evocative of cardio-metabolic heart failure. This new preclinical animal model displays a distinctive constellation of findings that are conceivably useful to extending the understanding of how pre-existing cardio-metabolic syndrome can contribute to developing HF. A number of previous reports from our laboratory (and others) showed that Ossabaw swine, a unique translational large animal model genetically predisposed to obesity and metabolic derangement, do not develop HF from dietary intervention alone (10) (11) (12) (13) (14) (15) (16) (17) .
Furthermore, our laboratory previously published numerous studies that examined the impact of aortic banding alone (in the absence of comorbidities) on developing disease in a separate preclinical swine model of HF (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) was achieved under anesthesia using phenylephrine (intravenously 1 to 3 mg/kg/min) to maintain a distal peripheral vascular mean aortic pressure of approximately 90 mm Hg (87 AE 2 mm Hg) at a heart rate of 85 beats/min (84 AE 3 beats/min). In total, Ossabaw swine in the WD-AB group were subjected to 10 months of WD and 6 months of chronic cardiac pressure overload. Body surface area was calculated as previously published for swine (30, 31) . Animals were fed once per day, and water was provided ad libitum. excellent agreement) (33) . Power analyses were conducted to determine the appropriate number of pigs to detect differences between groups as recommended by Kim and Seo (34) as means AE SE, and significance was reported at p < 0.10 and p < 0.05 levels (35, 36) .
See Supplemental Material for a comprehensive account of all Methods utilized in the current study (Supplemental Tables 1 to 3, Supplemental Figures 1 to 8, and Supplemental References).
RESULTS
CARDIAC REMODELING AND FUNCTION. Tables 1 to  3 and Figures 1 to 4 provide evidence supporting functional, structural, and genetic characteristics consistent with HF in the WD-AB group using echocardiographic, pressureÀvolume, post-mortem morphology, and RNA-seq techniques. Considering 1 independent variable was diet, tibia length was examined to determine if normalization of the morphometric data was necessary (37, 38) . Tibia length was the same between groups, indicating that differences in body weight and body surface area between groups were observed in animals with similar age-related growth ( Table 1) . Because there were no significant differences in tibia length, absolute heart and lung weights were used for group morphological analyses (39) . WD-AB animals displayed increased lung weight compared with the CON group, with no differences in resting ejection fraction (EF) ( Tables 1   and 2 ). Analysis of aortic hemodynamics (proximal to the AB in the WD-AB group) (Supplemental Table 1) indicated WD-AB animals faced a greater afterload compared with CON animals, which was evident 6 months post-aortic banding as significant increases in both aortic systolic blood pressure and pulse pressure.
Additional analysis of LV function resulted in paradoxical findings with respect to systolic function.
Stroke volume ( Table 1 ) and torsion (Supplemental Figure 1D ) relative to cardiac remodeling were similar between groups. There was a trend toward increased LV contractility (measured as preload recruitable stroke work, shown by our laboratory and others in AB swine) (20, 23, 24, 40) in the WD-AB group, which was observed in parallel with a decreased stroke volume index ( Table 1 ). Figure 2 However, differences among groups were apparent in ANOVA ¼ analysis of variance; HF ¼ heart failure; other abbreviations as in Figure 1 .
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Preclinical Swine Model of Cardio-Metabolic HF Diastolic function was also impaired in both the whole heart and individual cardiomyocytes in WD-AB animals. The EDPVR was increased in the WD-AB (G) A decrease in the more compliant N2BA titin isoform is seen in WD-AB animals with representative samples from both the CON and WD-AB groups presented alongside the bar graph. *t-test versus CON (*p < 0.05). n ¼ 3 for CON and WD-AB in Figure 4A . n ¼ 5 for the CON group and n ¼ 4 for the WD-AB group in Figures 4B to 4G . Abbreviations as in Figures 1 and 2 .
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Preclinical Swine Model of Cardio-Metabolic HF group (representative pressureÀvolume loops are shown in Figure 1 , and quantification is shown in Table 1 ). This was observed in parallel with abnormal LV diastolic mechanics, including decreased LV early diastolic untwisting and increased LV late longitudinal strain rate, which were indicative of both impaired early diastolic filling and enhanced atrial systole during late diastole, respectively ( Table 1) . To define the molecular signature associated with the pathological state in the WD-AB heart, transcriptome was profiled in LV tissues from WD-AB and CON animals. As presented in Table 3 and Figure 4 , Olver et al. Table 3 ). Significant interaction between gene networks associated with cardiac dysfunction and fibrosis are also identified and illustrated in 
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Olver et al. Plasma liver enzymes were increased and evidence of (J; Masson's trichrome stain) increased liver fibrosis were seen in the WD-AB group. *t-test versus CON (*p < 0.05; **p < 0.01; ***p < 0.001). n ¼ 5 for CON and WD. Abbreviations as in Figures 1 and 2 .
Preclinical Swine Model of Cardio-Metabolic HF Table 2 ). In summary, these data indicate endothe- Table 2 ). A number of corresponding signaling pathways (Supplemental Table 3 ) and genetic phenotypes (Supplemental Table 4 As hypothesized, WD-AB animals displayed cardiac characteristics fundamental to HF, including traditional indicators, myocardial remodeling, diastolic
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